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DESCRIPTION 

TWO-WAY WARP KNITTED FABRIC 
Technical Field "~ 

The present invention relates to a warp knitted 
fabric stretchable in two directions. 

Prior Art 

A stretch woven fabric (knitted fabric) that is 
elongated in the warp and weft directions is termed a 
two-way stretch woven fabric (knitted fabric) (refer to 
Table 1.74 on pages 139 to 140 of Handbook of Fiber 
[edited by the Society of Fiber, second edition, Maruzen 
Co., Ltd., Feb. 15, 1995] and to pages 41 to 49 in 
"Fundamental Knowledge of Textile Products" edited by 
Japan Fiber Control Society, Japan Clothing Control 
Society, 1985). In particular, a warp knitted union 
fabric of elastic yarns is generally termed a two-way 
warp knitted fabric, and a warp knitted texture which is 
formed by knitting a nylon fiber and an elastic fiber and 
in which the elastic yarn forms a needle loop is often 
used for shorts, lingerie, girdles and brassieres in 
underwear applications, for swimwear, skiwear, skate 
wear, diving wet suits and cycling pants in sports 
applications, is used as coated and laminated fabrics in 
outerwear applications such as jumpers. In general, 
articles prepared from a two-way warp knitted fabric 
material showing an elongation from about 100 to 300% in 
the warp direction and an elongation from about 50 to 
200% in the weft direction are used. 

A warp knitted union fabric of nylon-elastic yarns 
have the following disadvantages specific to a nylon 
fiber. The knitted fabric tends to yellow when heat set 
during dyeing or exposed to NOx gas during storage of the 
products and the fabric is discolored when contacted with 
chlorinated water because the fabric is dyed with an acid 
dye. in order to overcome such disadvantages, 
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countermeasures such as those mentioned below are taken. 
The knitted fabric is heat set at low temperature. The 
fabric is completely closed packaged for the purpose of 
preventing the final products from yellowing. A fixing 
5 agent is used to prevent discoloration caused by 

chlorinated water. Accordingly, it takes much labor to 
treat and finish the products. 

Production of a two-way warp knitted fabric has been 
attempted,, while avoiding the use of a nylon fiber that 

10 is likely to yellow and likely to be discolored with 
chlorinated water, by knitting of a polyethylene 
terephthalate fiber and an elastic fiber. Although the 
use of a polyethylene terephthalate fiber can prevent the 
fiber from yellowing, the resultant fabric loses a soft 

15 feeling that is characteristic of nylon fiber, and gives 
a hard feeling. Even when the finished fabric density is 
made coarse by conducting loose knitting in order to 
obtain a knitted fabric that gives a soft feeling, 
curling defects are formed. A knitted fabric giving a 

20 soft feeling has never been obtained. 

A polytrimethylene terephthalate fiber is known as a 
polyester fiber that does not yellow, similarly to the 
polyethylene terephthalate fiber, and has a low Young's 
modulus . 

25 A two-way warp knitted fabric formed with a 

polytrimethylene terephthalate yarn particularly tends to 
form fabric defects termed wavy edges (curls) at the 
edges thereof. Occurrence of curls impairs the operation 
efficiency during sewing, and sometimes makes sewing the 

3 0 fabric impossible, when a fiber is knitted to form a 

loop, a force that tends to bring the strain thus formed 
back to a stabilized state is produced by the stiffness 
of the yarn. A curl is formed when the stretch balance 
between a force on the needle side of a single face warp 

35 knitted fabric and a force on the sinker loop side is 

lost. Although the curling can be reduced to zero by 
making the knitted fabric density extremely high the 
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fabric then gives a hard feeling and is low in 
stretchability . Moreover, there is another method 
wherein the heat setting property of the yarn is 
utilized, and the yarn is stabilized to suppress 
5 occurrences of curls by heat setting the fabric at about 
180 °C. However, the heat setting property of a 
polytrimethylene terephthalate fiber is not satisfactory, 
and the stretch balance is lost even when the fabric is 
heat set at temperature of 180 °C or more because the 
10 fabric easily stretches and shrinks; therefore, the 
curling occurs. 

Disclosure of the Invention 

An object of the present invention is to provide a 
15 two-way warp knitted fabric that solves the above 

problems of a conventional two-way warp knitted fabric, 
that does not yellow, that gives a soft feeling, and that 
is substantially prevented from curling, by simple means. 
The present inventors have discovered that the 
20 present invention can be achieved by restricting the 

number ratio of courses to wales in a warp knitted union 
fabric formed with a polyester yarn composed of a 
polytrimethylene terephthalate and an elastic yarn, and 
the present invention has thus been achieved. 
25 The present invention provides a two-way warp 

knitted fabric with a warp knitted fabric construction 
formed by knitting a polytrimethylene terephthalate yarn 
as a front yarn and an elastic yarn as a back yarn, which 
fabric has a knitted fabric density ratio from 1.55 to 
30 2.35 calculated from the following formula (1): 

knitted fabric density ratio = [(number of 
courses ) /2 . 54 cm] /[(number of wales )/2. 54 cm] (1) 
The present invention will be explained in more 
detail. 

35 m the present invention, a polytrimethylene 

terephthalate fiber designates a polyester fiber 
comprising trimethylene terephthalate units as principal 



repeating units. The polytr methylene terephthalate 
fiber contains about 50% or more by mole, preferably 70% 
or more by mole, more preferably 80% or more by mole, 
still more preferably 90% or more by mole of trimethylene 
terephthalate units, and further contains in total, as 
other remaining components, about 50% or less by mole, 
preferably 30% or less by mole, more preferably 20% or 
less by mole, still more preferably 10% or less by mole 
of an acid component and/or a glycol component that will 
be described later. 

The polytrimethylene terephthalate fiber may take 
the shape of either a filament yarn or a staple fiber. 
The fiber may be uniform, or thick and thin in the 
longitudinal direction. A filament of the fiber may have 
a round-shaped, a triangle-shaped, a L-shaped, a T- 
shaped, a Y-shaped, a W-shaped, an eight leaf-shaped, a 
flat, a polygonal (e.g., dog bone-shaped), multi-leaf- 
shaped, a hollow or an indefinitely shaped cross section. 
However, for underwear, sports or outerwear applications, 
the yarn preferably is a filament yarn that is uniform in 
the longitudinal direction, and the filaments are 
preferably not round. The single filament size can be 
from 0.1 to 5.6 dtex in terms of single yarn denier. A 
yarn thickness of about 33 to 110 dtex is suitable. 

The shape of a polytrimethylene terephthalate-based 
yarn to be knitted into a two-way warp knitted fabric can 
be a spun yarn such as a ring spun yarn and an open-end 
spun yarn, a multifilaments flat yarn (including an 
extremely thin yarn), a soft twist yarn, a hard twist 
yarn, a combined filaments yarn, a false twist yarn 
(including a stretch false twist yarn), a fluid- jet 
texturized yarn, and the like yarn. In addition, the 
two-way warp knitted fabric of the present invention may 
be made to include another yarn such as a natural yarn, 
represented by wool, usually in an amount range of 30 
mass% or less so long as the object of the present 
invention is not impaired, by means such as a textile 
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blend (silo spun, silo fill, etc . ) , an interlaced 
combination (a different shrinkage combined filaments 
yarn with a high shrinkage yarn, etc . ) , a twisted 
combination, a composite false twisting (elongation- 
5 differenced false twisting, etc.) , fluid- jet texturizing 
with two feeds, and the like. 

In the present invention, an elastic yarn to be 
knitted with the polytrimethylene terephthalate-based 
yarn can be an optional elastic yarn such as a 

10 polyurethane-based yarn and a polyether ester-based yarn 
showing an elastic stretchability of 100% or more in 
terms of breaking elongation, and having a size of from 
11 to 7 8 dtex, preferably 17 to 44 dtex. There is no 
specific limitation on the polymer and spinning method so 

15 long as the fiber is an ordinary polyurethane-based 
elastic fiber. 

The elastic fiber is preferably a fiber the 
stretchability of which is not impaired in the presetting 
step, during dyeing, usually at treating temperature near 

2 0 190 °C. The form of the elastic fiber is a bare yarn, a 

covering yarn or a twisted yarn, but there is no specific 
limitation . 

The two-way warp knitted fabric according to the 
present invention is a knitted fabric formed in a two- 

25 bar-fabric construction that are composed of a closed lap 
and/or an open lap obtained by threading polytrimethylene 
terephthalate yarns through the front guide bar and 
elastic yarns through the back guide bar on a single 
needle bar warp knitting machine. Therefore, the two-way 

30 warp knitted fabric according to the present invention is 
formed with a fabric construction that can be knitted 
with two bars . Typical examples of a usable fabric 
construction include double denvy, double code, half 
tricot stitch (lock knit), back half, queen's code, satin 

35 and double atlas. The stretchability and curling 

property of the two-way warp knitted fabric greatly 
changes depending on the fabric construction. For 
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example, when the under lap of a front construction is one 
needle interval or less, the fabric is thin and tends to 
curl. When it is three needle interval or more, the 
fabric is thick, gives a hard feeling, and shows lowered 
5 stretchability . When the underlap of a back construction 

is a zero needle interval, stretchability in the weft 
direction cannot be obtained. When it is a two needle 
interval or more, adjacent elastic yarns in the fabric 
are melt bonded at contacted portions and cross portions 

10 with a heat during dyeing, and the fabric gives a hard 
feeling. Accordingly, in view of the selection of a 
combination of the number of underlaps, satin and half 
tricot stitch are preferred, and a half tricot stitch is 
more preferred, though the fabric construction is not 

15 restricted thereto. 

Preferred knitted fabric constructions are 
exemplified below without any intention of restriction. 

( 1 ) Front bar two needle interval fabric 
construction, namely, a knitted fabric that is a so- 

20 called half tricot stitch: 

front 10/23, and back: 12/10. 

(2) Half tricot stitch obtained by shifting the 
positional relationship between the front construction 
and the back construction: 

25 front: 10/23; and back: 10/12. 

(3) A half tricot construction obtained by combined 
deformation of an open lap and a closed lap: 

front 10/23; and back 21/01. 

In the present invention, the ratio of the number of 
30 courses to that of wales, the courses and wales forming a 
unit surface area of a finished knitted fabric, namely, 
the knit density ratio calculated from the formula (1) is 
adjusted to 1.55 to 2.35. A soft feeling specific to a 
polytriethylene terephthalate fiber is then maintained on 
35 the knitted fabric surface, and a two-way warp knitted 
fabric in which curls are suppressed is formed. 



Knit density ratio = [(number of courses ) /2 . 54 
cm] /[ (number of wales )/2. 54 cm] (1) 

In the present invention, the knitted fabric density 
ratio is a density ratio of a knitted fabric subsequent 
to dyeing finishing, and a knitted fabric must be 
designed while the shrinkage and the like of the knitted 
fabric are taken into consideration when the fabric is to 
be knitted. The number of loops per 2.54 cm is used for 
the calculation of a knitted fabric density ratio, and 
the ratio is defined as a value obtained by dividing a 
density in the warp direction that is the number of 
courses/2 . 54cm by a density in the weft direction that is 
the number of wales /2 . 54cm. 

When the knitted fabric density ratio is less than 
1.55, curls tend to be formed in the right and left end 
portions in the weft direction of the two-way warp 
knitted fabric. Moreover, when the knitted fabric 
density ratio is larger than 2.35, the curling tends to 
occur in the upper and lower end portions in the warp 
direction thereof. A preferred knitted fabric density 
ratio is from 1.65 to 2.25. 

The object of the present invention can basically be 
achieved by designing the knitted fabric on the basis of 
the knitted fabric density ratio of the invention even 
when the gauge of the knitting machine changes. For 
example, when the knitting machine is of 28 gauge, the 
most preferable knitted fabric density ratio is from 1.56 
to 1.93. When the knitting machine is of 36 gauge, the 
most preferable knitted fabric density ratio is from 1.85 
to 2.35. That is, when the gauge becomes finer, the most 
preferable range of the knitted fabric density ratio 
tends to become larger. 

One example of the designing of a knitted fabric 
that makes the knitted fabric density ratio of a two-way 
warp knitted fabric from 1.55 to 2.35 will be explained 
below. The runner length (also termed a run-in, and 
being one index indicating a yarn length that forms one 



stitch, the stitch becoming coarse when the numerical 
value of the same texture becomes large, showing a yarn 
length per 480 courses in the warp knitting technology) 
of an elastic yarn during knitting, is made large in 
5 comparison with the runner length in a knitted union 

fabric of a nylon yarn or a polyethylene terephthalate 
yarn, and an elastic yarn, and knitting must be carried 
out while the course on the machine (being one index 
showing the height of one stitch during knitting, and 

10 representing a high knit fabric density when the number 
of courses that is a wound amount of the knitted fabric 
is large) is being made coarse. The runner length and 
the course on the machine of a polytrimethylene 
terephthalate yarn and an elastic yarn must be set in 

15 such a manner that the two-way warp knitted fabric thus 
formed has a given density ratio when subjected to the 
following procedures: the fabric is relax scoured at 90 °C 
for 1 minute; the fabric is then preset so that the 
density ratio becomes within that of the present 

2 0 invention during tentering in the presetting step 

subsequent to scouring; the fabric is finish set with 
approximately the same density as the width and length 
subsequent to dyeing or with the same density ratio as in 
presetting. 

25 Although a setting temperature from 150 to 200°C, 

and a setting period of time from 30 to 60 sec can be 
used, a preferred temperature is near 190 °C during 
presetting, and near 170 °C during finish setting. The 
resultant knitted fabric can be well set, and causes no 

30 problem about color fastness. When the knitted fabric is 
to be dyed, an optional dyeing machine can be used. 
However, use of a liquid-jet dyeing machine is preferred 
because uneven dyeing hardly even takes place. 

The two-way warp knitted fabric of the present 

35 invention can be knitted with a tricot knitting machine 
or a raschel knitting machine, and there is no specific 
limitation on the gauge of the knitting machine. 
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However, a knitting machine of 18 to 40 gauge/2.54 cm 
should optionally be selected in accordance with the 
thickness of a yarn to be used. 

As explained above, a two-way warp knitted fabric 
5 producing no curlings, giving a soft feeling, and causing 
no problem about shrinkage such as washing shrinkage and 
pressing shrinkage can be obtained through adjustment of 
the knit density. 

A two-way warp knitted fabric having a knitted 

10 fabric density from 1.55 to 2.35 can be prepared from a 

two-way warp knitted fabric with its front texture formed 
with a nylon yarn and a polyethylene terephthalate yarn. 
However, when a knitted fabric with its knitted fabric 
density in the range of the present invention is 

15 produced, the two-way warp knitted fabric, in which a 
nylon yarn is used, is an unsatisfactory one having a 
problem with yellowing. On the other hand, a knitted 
fabric in which a polyethylene terephthalate yarn is used 
alone gives a hard feeling. When a coarser knitted 

20 fabric is prepared for the purpose of obtaining a fabric 

giving a soft feeling, curls come out. 

As explained above, the polytrimethylene 
terephthalate fiber used in the present invention can 
comprise, in addition to the repeating units of a 

25 polytrimethylene terephthalate, a copolymer of 

terephthalic acid or its functional derivative, and 
trimethylene glycol or its functional derivative as 
another acid component and/or a glycol component (as 
third components). In the course of synthesis process of 

30 copolymer, a copolymer ized polyester may be formed by 

adding suitable one, or two or more of third components. 
Alternatively, such a polyester other than a 
polytrimethylene terephthalate as polyethylene 
terephthalate, a nylon and a polytrimethylene 

35 terephthalate may be separately synthesized; the 

resultant polymers may be blended, or composite spun 
(sheath-core, side-by-side or the like). Examples of the 
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third component to be added include aliphatic 
dicarboxylic acids such as oxalic acid and adipic acid, 
alicyclic dicarboxylic acids such as 

cyclohexanedicarboxylic acid, aromatic dicarboxylic acids 
5 such as isophthalic acid and sodiumsulf oisophthalic acid, 
aliphatic glycols such as ethylene glycol, 1 , 2-propylene 
glycol and tetramethylene glycol, alicyclic glycols such 
as cyclohexanedimehthanol, aliphatic glycols including an 
aromatic group such as 1 , 4-bis < |3-hydroxyethoxy) benzene, 

10 polyether glycols such as a polyethylene glycol and a 

polypropylene glycol, aliphatic oxycarboxylic acids such 
as oo-oxycaproic acid and aromatic oxycarboxylic acids 
such as p-oxybenzoic acid. Moreover, a compound such as 
benzoic acid or glycerin having one, or three or more 

15 ester-forming functional groups can also be used so long 

as the resultant polymer is substantially linear. 

A polytrimethylene terephthalate fiber may be 
produced by any of the following methods: a draw- twisting 
method wherein an undrawn yarn is obtained at a winding 

2 0 rate of about 1,500 m/min, and the yarn is drawn and 

twisted in a ratio of about 2 to 3.5; a direct drawing 
method (spin draw method) in which spinning, and drawing 
and twisting are continuously connected; and a high speed 
spinning method (spin take up method) in which the 
25 winding speed is 5,000 m/min or more. A polytrimethylene 
terephthalate-based fiber can be obtained by spinning a 
resin composition containing delustering agents such as 
titanium oxide, stabilizing agents such as phosphoric 
acid, ultraviolet ray absorbing agents such as a 

3 0 hydroxybenzophenone derivative, nucleating agents such as 

talc, lubricating agents such as Aerosil, antioxidants 
such as a hindered phenol derivative, flame retardants, 
antistatic agents, pigments, fluorescent brighteners, 
infrared ray absorbing agents, defoaming agents and the 
35 like. 



- 11 - 



Best Mode For Carrying Out the Invention 

The idea of the present invention will be made more 
specific and clear by making reference to examples. The 
present invention is, however, not restricted thereto. 
5 In addition, the preparation of a yarn used in the 

examples, the measurement of the size of an elastic yarn 
and the evaluation of the properties of a two-way warp 
knitted fabric are described below. 

( 1 ) Preparation of Polymethylene Terephthalate Yarn 

10 A polytrimethylene terephthalate showing an r| sp /c = 

0.5 is spun at a spinning temperature of 265 °C at a rate 
of 1,200 m/min to give an undrawn yarn. The yarn is 
subsequently drawn and twisted at a hot roll temperature 
of 60 °C and a hot plate temperature of 140 °C at a drawing 

15 speed of 800 m/min with a draw ratio of 3 to give two 
stretched yarns of 40 dtex/34 f and 56 dtex/36 f. The 
stretched yarn of 40 dtex/34 f has a strength of 2.7 
cN/dtex, an elongation of 44%, an initial tensile 
resistance of 25 cN/dtex and an elastic recovery of 97% 

20 when stretched by 10%. The stretched yarn of 56 dtex/36 
f has a strength of 2.8 cN/dtex, an elongation of 46%, an 
initial tensile resistance of 26 cN/dtex and an elastic 
recovery of 98% when stretched by 10%. In addition, the 
elastic recovery of a yarn at the time of stretching by 

25 10% is obtained in the following manner. An initial load 

of 0.01 cN/dtex is applied to the sample, and stretched 
at a constant stretching rate of 20%/min; the sample is 
conversely allowed to shrink at the same rate when the 
stretch ratio reaches 10%. As a result, a stress-strain 

30 curve is depicted. The elastic recovery is calculated 
from the following formula: 

elastic recovery at the time of a stretch ratio of 
10% = (10 - L)/10 x 100 (%) 

wherein L is a residual stretch ratio when the stress is 
35 lowered to 0.01 cN/dtex that is equal to the initial load 

during shrinking. 
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The viscosity of polymer, iqsp/c is determined by 
dissolving a polymer in o-chlorophenol at 90 degree 
Celsius to prepared a solution at a concentration of 1 
g/dl which is then transferred to Ostowald viscometer to 
5 measure at 35 degree Celsius, and calculating using the 
data obtained according to the following formula. 

•nsp/c = (T/TO 1)/C 
(T: falling time of the solution, C: concentration of 
the solution [g/dl]) 
10 (2) Measurement of Size of Elastic Yarn 

An elastic yarn is allowed to stand on a straight 
line without tension and load in an atmosphere at 2 0 °C 
with an RH (relative humidity) of 65% to be allowed to 
shrink. Ten pieces of the yarn each 1 m long prepared by 
15 cutting the yarn are weighed, and the size is determined 
by the weight of the yarn per 10,000 m calculated from 
the weighed value. 

(3) Evaluation of a two-way warp knitted fabric in 
examples is made by the following methods. 

2 0 [1] Evaluation of Curl Manifestation 

Two square test pieces, 100 mm (warp direction) x 
100 mm (weft direction) , of a two-way warp knitted fabric 
are prepared. The two test pieces are allowed to stand 
still on a horizontal stool in an atmosphere at 20 °C with 
25 its humidity conditioned to an RH of 65% while the needle 
loop side and sinker loop side are placed upward. Four 
hours after allowing the test pieces to stand still, the 
results are judged according to the following criteria. 
A protractor is attached to a cured portion, and the 

3 0 angle (6) made by the tangential line of the tip of the 

cured portion with the horizontal stool is determined. 
When the curl angle is 90° or more, the treatment of the 
fabric during sewing causes a problem. The rating 
criteria are as follows. 
35 5 The curl angle is less than 30°. 

4 The curl angle is less than 45°. 
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3 The curl angle is less than 90°. 

2 The curl angle is less than 130°. 

1 The curl angle is 130° or more. 
[2] Evaluation of Feeling 

The sensory test results of hand feeling by 10 
panelists are judged from the average value. The fabric 
having the same construction prepared from a nylon fiber 
is used as a reference feeling. A sample excellent in a 
soft hand feeling is evaluated to be from 4 to 5 points. 
A sample that can be hardly judged to be excellent or 
poor therein is evaluated to be 3 points . A sample that 
is judged to be poor therein is evaluated to be from 1 to 
2 points. The sample is judged by the total points. 

A sample is judged by handling according to the 
following criteria. 

5 points The sample gives an extremely soft and 
smooth feeling. 

4 points The sample gives a soft and smooth 

feeling. 

3 points The sample gives a feeling that is the 

same as that of a knitted fabric formed 
from a nylon fiber and having the same 
texture. 

2 points The sample gives a hard feeling. 

1 point The sample gives a hard feeling, and is 
inappropriate to underwear applications . 
[3] Evaluation of Yellowing Tendency 

Evaluation of a yellowing tendency of a sample is 
made in accordance with the weak test method in the JIS 
L-0855 test method of color fastness against nitrogen 
oxide gas. The results are judged by comparing the YI 
value that is obtained by a Macbeth colorimeter 
(manufactured by Macbeth) with that of a non-treated 
sample. When the YI value of a sample is larger , the 
tendency toward yellowing thereof is more significant. 
[4] Evaluation of Heat Formability 

A heat forming test machine manufactured by Daito is 
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used. A sample, 300 mm (warp direction) x 300 mm (weft 
direction), is prepared by cutting a fabric. The sample 
is fixed to a frame (200 mm (warp direction) x 200 mm 
(weft direction)) under a free tension. The sample is 
5 marked by pressing the central portion with a heated 

mold. The sample is then allowed to stand for 24 hours 
in an atmosphere at 20 °C with an RH of 65%. The deformed 
amount and change in the feeling of the fabric are 
subsequently evaluated. 
10 The test is conducted under the following 

conditions : 

Heat forming test machine: a stretch forming machine 
manufactured by Daito; 

Shape of the heater mold: a metal-made cylinder (50 
15 mm in diameter and 30 mm in height); 
Temperature: 180 °C; 
Period of time: 30 sec; and 
Pressing depth: 20 mm 
The rating criteria are as follows: 
2 0 Good: the deformation amount of the sample is 18 

mm or more, and the sample shows no change 
in the feeling; and 
Poor: the deformation amount of the sample is 

less than 18 mm, and the sample shows a 
25 change in the feeling. 

[5] Evaluation of Gigging (raising) property 

The sinker loop surface of a gray fabric is gigged 
with a gigging test machine (trade name of KU-50 type, 
manufactured by Kanai juyo Kogyo Co., Ltd.) under the 
30 conditions of a loop pile, and the uniformity is 

evaluated and the thickness of the fabric is measured. A 
fabric showing a larger judgment criterion thickness 
shows a better gigging property. 
Example 1 

35 A polytrimethylene terephthalate yarn of 40 dtex/34 

f was used as the front bar yarn. An elastic yarn 
obtained by warping a polyurethane-based elastic yarn 
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(trade name of Roica, manufactured by Asahi Chemical 
Industry Co., Ltd.) of 22 dtex with a draft ratio of 80% 
was used as the back bar yarn. A half tricot stitch was 
knitted. 

5 The knitting conditions are as follows: 

Knitting machine: tricot machine (manufactured by 
Carl Meyer) of 28 gauge/2.54 cm; 

Texture: front: 10/23, and back: 12/10 
Runner lengths: front: 160 mm, and back: 90 mm 
10 Courses on the machine: 76 courses/2.54 cm 

The knitted fabric thus obtained under the knitting 
conditions was scoured at 90 °C for 1 minute, and preset 
at 190 °C for 45 sec. The density during presetting was 
set as follows: a (number of courses )/( number of wales) 
15 density ratio of 1.83; and 110 courses/2.54 cm x 60 

wales/2.54 cm. The fabric was then dyed with a liquid- 
jet dyeing machine. The fabric was further finish set 
under the same conditions as in the presetting: 110 
courses/2.54 cm, and 60 wales/2.54 cm. That is, the 

2 0 fabric was finish set with the same present length and 

same present width to give a two-way warp knitted fabric. 
The finished two-way knitted fabric had a basis of weight 
of 170 g/m 2 and a thickness of 0.61 mm. Various physical 
properties of the fabric were evaluated, and the results 
25 are shown in Table 1. The two-way warp knitted fabric 
thus obtained did not yellow, gave a soft feeling, did 
not produce a curling phenomenon, excelled in 
formability, and was most appropriate to underwear 
applications . 

3 0 Examples 2 to 5 

In Example 2 , a sample was prepared in the same 
manner as in Example 1 except that the front runner was 
made short in comparison with that in Example 1 to form a 
gray fabric with a high density construction, and that 
35 the (number of courses )/( number of wales) density ratio 
was set at 1.93. 

In Example 3, a sample was prepared in the same 



- 16 - 



manner as in Example 1 except that the front runner was 
made long in comparison with that in Example 1 to form a 
gray fabric with a low density, and that the (number of 
courses )/ (number of wales) density ratio was set at 1.55. 
5 in Example 4, a sample was prepared in the same 

manner as in Example 1, except that the back runner was 
made short in comparison with that in Example 1 to form a 
gray fabric with a high density construction, and that 
the (number of courses )/( number of wales) density ratio 
10 was set at 1.81. 

In Example 5, a sample was prepared in the same 
manner as in Example 1 , except that the back runner was 
made long in comparison with that in Example 1 to form a 
gray fabric with a low density, and that the (number of 
15 courses) /(number of wales) density ratio was set at 1.70. 

The curl manifestation, feeling, yellowing tendency 
and formability of each of the finished knitted fabrics 
were evaluated. Table 1 shows the results thus obtained. 

The finished two-way warp knitted fabrics did not 
20 yellow, gave a soft feeling, produced no curling, 

excelled in formability, and were most appropriate warp 
knitted fabrics for use in underwears. 

Comparative Example 1 

A sample knitted fabric was prepared in the same 
2 5 manner as in Example 1 except that a gray fabric with a 
high density was formed by making the back bar runner 
length short, and that the (number of courses )/( number of 
wales) density ratio was set at 2.3 7 during presetting to 
change the density of the finished knitted fabric. The 
30 curl manifestation, feeling, yellowing tendency and 

formability of the knitted fabric were evaluated. Table 
1 shows the results thus obtained. The two-way warp 
knitted fabric thus obtained did not yellow, and gave a 
feeling as soft as that of the nylon. However, it 
35 produced a curling phenomenon, and became a warp knitted 
fabric inappropriate to underwear applications. 
Comparative Example 2 
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A knitted fabric sample was prepared in the same 
manner as in Example 1 except that a gray fabric with a 
coarse density was formed by making the front bar runner 
length short, and that the (number of courses )/( number of 
5 wales) density ratio was set at 1.52 during presetting to 
change the density of the finished knitted fabric. The 
curl manifestation, feeling, yellowing tendency and 
formability of the knitted fabric were evaluated. Table 
1 shows the results thus obtained. 

10 The two-way warp knitted fabric thus obtained did 

not yellow, and gave a soft feeling. However, since it 
produced a curling phenomenon, and it became 
inappropriate to underwear applications. Moreover, the 
knitted fabric showed poor formability. 

15 Example 6 

A polytrimethylene terephthalate yarn of 40 dtex/34 
f was used as the front bar yarn. An elastic yarn 
obtained by warping a polyurethane-based elastic yarn 
(trade name of Roica, manufactured by Asahi Chemical 

20 Industry Co., Ltd.) of 22 dtex with a draft ratio of 80% 
was used as the back bar yarn. A half tricot stitch was 
knitted. 

The knitting conditions are as follows: 
Knitting machine: a tricot machine of 36 gauge/2.54 
2 5 cm; 

Texture: front: 10/23, and back: 12/10, 
Runner lengths: front: 160 mm, and back: 76 mm, 
Courses on the machine: 80 courses/2.54 cm. 
The gray knitted fabric thus obtained was relax 
30 scoured at 90 °C for 1 minute, and preset at 19 0 °C for 45 

sec. The density during presetting was set as follows: a 
(number of courses/ ( number of wales) density ratio of 
2.25; and 180 courses/2.54 cm x 80 wales/2.54 cm. The 
fabric was then dyed with a liquid- jet dyeing machine. 
35 The fabric was then finish set under the same conditions 
as in the presetting: 157 courses/2.54 cm x 70 wales/2.54 
cm. The finished two-way warp knitted fabric had a basis 
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of weight of 138 g/m 2 and a thickness of 0.51 mm. 
Various physical properties of the fabric were evaluated, 
and the results are shown in Table 1. 
Examples 7 to 8 

5 in Example 7, a finished knitted fabric sample was 

prepared in the same manner as in Example 6 except that 
the front runner and the back runner were made short in 
comparison with those in Example 6 to form a dense gray 
fabric, and that the (number of courses )/ (number of 

10 wales) density ratio was set at 2.35 to change the 
density of the finished fabric. 

In Example 8, a finished knitted fabric sample was 
prepared in the same manner as in Example 6 except that 
the front and the back runner were made long in 

15 comparison with those in Example 6 to form a coarse gray 
fabric, and that the (number of courses )/ (number of 
wales) density ratio was set at 1.85 to change the 
density of the finished fabric. The curl manifestation, 
feeling, yellowing tendency and formability of each of 

2 0 the finished knitted fabrics were evaluated. Table 1 
shows the results thus obtained. The two-way warp 
knitted fabrics did not yellow, gave a soft feeling, 
produced no curling, excelled in formability, and were 
most appropriate to underwear and swimwear applications. 

25 Comparative Example 3 

A sample was prepared in the same manner as in 
Example 6 except that the front runner length and the 
back runner length were made long, that the (number of 
courses) /(number of wales) density ratio was set at a 

30 value as low as 1.54 during presetting, and that the 

density of the finished knitted fabric was varied. The 
curl manifestation, feeling, yellowing tendency and 
formability of the finished knitted fabric were 
evaluated. Table 1 shows the results thus obtained. The 

35 finished two-way warp knitted fabric did not yellow, and 
gave a soft feeling. However, it produced a curling 
phenomenon, and was inappropriate for use. 
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Comparative Example 4 

A finished knitted fabric sample was prepared in the 
same manner as in Example 6 except that the back runner 
was made short to give a gray fabric having a high 
5 density, that the (number of courses )/( number of wales) 
density ratio was set at a value as high as 2.3 8 during 
presetting, and that the density of the finished knitted 
fabric was varied. The curl manifestation, feeling, 
yellowing tendency and formability of the finished 
10 knitted fabric were evaluated. Table 1 shows the results 

thus obtained. The finished two-way warp knitted fabric 
did not yellow, and gave a soft feeling. However, it 
produced curling, showed poor formability, and was 
inappropriate for use. 
15 Example 9 

A polytrimethylene terephthalate yarn of 56 dtex/3 6 
f was used as the front bar yarn. An elastic yarn 
obtained by warping a polyurethane-based elastic yarn 
(trade name of Roica, manufactured by Asahi Chemical 
20 industry Co., Ltd.) of 44 dtex with a draft ratio of 80% 
was used as the back bar yarn. A half texture was 
prepared by knitting the yarns. 

The knitting conditions are as follows: 
Knitting machine: tricot machine of 2 8 gauge/2.54 
25 cm, 

Texture: front: 10/23, and back: 12/10 
Runner lengths: front: 165 mm, and back: 80 mm 
Courses on the machine: 81 courses/2.54 cm. 
The knitted fabric obtained under the above 
3 0 conditions was relax scoured at 90 °C for 1 minute, and 
preset at 190 °C for 45 sec. The density during 
presetting was set as follows: a (number of 
courses) /(number of wales) density ratio of 1.92; and 115 
courses/2.54 cm x 60 wales/2.54 cm. The fabric was then 
35 dyed with a liquid- jet dyeing machine. The fabric was 

further finish set under the same number of courses/2.54 
cm and the same number of wales/2.54 cm to give a two-way 
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warp knitted fabric. The finished two-way warp knitted 
fabric had a basis of weight of 227 g/m 2 and a thickness 
of 0.66 mm. Various physical properties of the fabric 
were evaluated, and the results are shown in Table 1. 
5 The finished knitted fabric did not yellow, gave a 

soft feeling, produced no curling phenomenon, excelled in 
f ormability and a gigging tendency, and as most 
appropriate to underwear and swimwear applications. 
Comparative Example 5 

1° A knitted fabric was formed in the same manner as in 

Example 9 except that a nylon 6 yarn of 56 dtex/36 f was 
used as the front bar yarn. The results of evaluating 
the knitted fabric thus obtained are shown in Table 1 . 
The knitted fabric gave a soft feeling. However, since 

15 the knitted fabric had the following disadvantages, it is 

difficult to handle: the fabric tended to yellow; it 
produced curling; and it showed poor setting and poor 
uniformity during gigging. 
Comparative Example 6 

20 A knitted fabric was prepared in the same manner as 

in Example 9 except that a polyethylene terephthalate 
yarn of 56 dtex/36 f was used as the front bar yarn. 

The results of evaluating the knitted fabric thus 
finished are shown in Table 1. Although the finished 

2 5 knitted fabric did not yellow and produced no curling 

phenomenon, it gave a hard feeling and showed a poor 
gigging tendency though it had a good capacity for being 
set. The fabric therefore is not suitable for underwear 
and swimwear applications. 

3 0 Example 10 

A polytrimethylene terephthalate yarn of 56 dtex/36 
f was used as the front bar yarn. An elastic yarn 
obtained by warping a polyurethane-based elastic yarn 
(trade name of Roica, manufactured by Asahi Chemical 
35 Industry Co., Ltd.) of 44 dtex with a draft ratio of 80% 

was used as the back bar yarn. A knitted fabric with a 
half texture was formed. 
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The knitting conditions are as follows: 

Knitting machine: a tricot machine of 28 gauge/2.54 

cm 

Texture: front 10/23; back 12/10 
5 Runner lengths: front 206 mm, and back 80 mm 

Courses on the machine: 81 courses/2.54 cm. 
The knitted fabric thus obtained was relax scoured 
at 90°C for 1 minute, and preset at 190°C for 45 sec. 
The density during presetting was set under the 
10 conditions: a (number of courses )/( number of wales) 
density ratio of 1.88; and 113 courses/2.54 cm x 60 
wales/2.54 cm. The fabric was then dyed with a liquid- 
jet dyeing machine. The fabric was then finish set with 
the same number of courses/2 . 54cm and the same number of 
15 wales/2.54 cm as in the presetting to give a two-way warp 
knitted fabric. The finished two-way warp knitted fabric 
thus obtained had a basis of weight of 280 g/m 2 and a 
thickness of 0.70 mm. Various physical properties of the 
fabric were evaluated, and the results are shown in Table 
20 l. 

The finished knitted fabric did not yellow, gave a 
soft feeling, produced no curling, excelled in 
formability and a gigging tendency, and was a warp 
knitted fabric most appropriate to underwear and swimwear 
25 applications. 

Example 11 

A polytrimethylene terephthalate yarn of 56 dtex/36 
f was used as the front bar yarn. An elastic yarn 
obtained by warping a polyurethane-based elastic yarn 
30 (trade name of Roica, manufactured by Asahi Chemical 

Industry Co., Ltd.) of 44 dtex with a draft ratio of 80% 
was used as the back bar yarn. A knitted fabric with a 
half texture was formed under the following conditions: 

Knitting machine: tricot machine of 28 gauge/2.54 cm 
35 Knitting texture: front: 10/45, and back 12/10 

Runner lengths: front 250 mm, and back: 80 mm 

Courses on the machine: 81 courses/2.54 cm. 
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The knitted fabric thus obtained was relax scoured 
at 90°C for 1 minute, and preset at 190°C for 45 sec. 
The density during presetting was set under the 
conditions: 110 courses/2.54 cm x 60 wales/2.54 cm. The 
5 fabric was then dyed with a liquid- jet dyeing machine. 
The fabric was then finish set with the same number of 
courses/2 . 54cm and the same number of wales/2.54 cm as in 
the presetting to give a two-way warp knitted fabric. 
The finished two-way warp knitted fabric thus obtained 
10 had a basis of weight of 280 g/m 2 and a thickness of 0.72 
mm. Various physical properties of the fabric were 
evaluated, and the results are shown in Table 1. 

The finished knitted fabric did not yellow, gave a 
soft feeling, produced no curling phenomenon, excelled in 
15 setting and a gigging tendency, and was a stretchable 

warp knitted fabric most appropriate to underwear and 
swimwear applications. 

Comparative Example 7 

A knitted fabric was formed in the same manner as in 
20 Example 10 except that a nylon 6 yarn of 56 dtex/36 f was 
used as the front bar yarn. Although the finished 
knitted fabric gave a soft feeling, it tended to yellow, 
and curls were formed. A sufficient deepness could not 
be obtained, and the knitted fabric showed poor 
25 formability and a poor gigging tendency and was difficult 

to handle. 

Comparative Example 8 

A knitted fabric was formed in the same manner as in 
Example 10 except that a polyethylene terephthalate yarn 

30 of 56 dtex/3 6 f was used as the front bar yarn. Although 
the knitted fabric showed good formability, it showed a 
poor gigging tendency, and gave a hard feeling. 
Accordingly, the fabric was not suitable for use. 
Comparative Example 9 

35 A knitted fabric was prepared in the same manner as 

in Example 9 except that a polyethylene terephthalate 
yarn of 56 dtex/36 f was used as the front bar yarn, that 
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the front runner and back runner were made longer than 
those in Comparative Example 6 to form a coarse gray 
fabric, and that the density was set at 94 courses/2.54 
cm and 60 wales/2.54 cm during presetting. 
5 Table 1 shows the results of evaluating the finished 

knitted fabric. The fabric did not yellow, and gave a 
softer feeling than the knitted fabric in Comparative 
Example 6. However, the fabric gave no numeric 
(phonetic; waxy to touch feeling specific to nylon. The 
10 fabric was not suitable for underwear and swimwear 

applications because it showed poor formability and a 
poor gigging tendency, and because curls were formed. 



Table 1 Yarns Forming Knitted Fabrics, Properties Knitted 
Fabric and Evaluation of Performances 





Yarn (F) 




Runner length 


Properties of knitted fabric 


Yarn 


Size 
dtex 


Ampli- 
tude 
needles 


/2.5 


(P) 

Hard 
yarn 


(B) 

Elastomerio 


of 
g/m 2 


Thick - 


Courses 
(c) 

/2.5 cm 


Number 
of 

Wales 
<o) 

/2.5 cm 


c/w 


Ex. 1 


PTT 


40 


2 


28 


160 


90 


170 


0.61 


110 


60 


1.83 


Ex.2 


PTT 


40 


2 


28 


155 


90 


158 


0.57 


116 


60 


1.93 


Ex.3 


PTT 


40 


2 


28 


170 


90 


190 


0.64 


94 


60 


1.55 


Ex.4 




40 


2 


28 


160 


80 


181 


0. 62 


10 9 


60 


1.81 


Ex.5 


PTT 


40 


2 


28 


160 


95 


177 


0.65 


102 


60 


1.70 


Ex. 6 


PTT 


40 


2 


36 


126 


76 


138 


0.51 


180 


80 


2.25 


Ex.7 


PTT 


40 


2 


36 


122 


75 


149 


0.56 


188 


80 


2.35 


Ex.8 


PTT 


40 


2 


36 


135 


80 


135 


0.51 


148 


80 


1.85 


Ex.9 


PTT 


56 


2 


28 


165 


80 


227 


0.66 


115 


60 


1.92 


Ex.10 


PTT 


56 


3 


28 


190 


80 


250 


0.70 


113 


60 


1.88 


Ex.11 


PTT 


56 


4 


28 


220 


80 


280 


0.72 


110 


60 


1.83 


C.Ex.l 


PTT 


40 


2 


28 


160 


70 


191 


0.67 


142 


60 


2.37 


C . Ex . 2 




40 


2 


28 


186 


90 


162 


0.58 


91 


60 


1.52 


C . Ex . 3 


PTT 


40 


2 


36 


141 


98 


132 


0.50 


123 


80 


1.54 


C . Ex . 4 


PTT 


40 


2 


36 


120 


71 


155 


0.58 


190 


80 


2.38 


C . Ex . 5 


NY 


40 


2 


28 


160 


90 


161 


0.67 


110 


60 


1.83 


C . Ex . 6 


PET 


40 


2 


28 


160 


90 


162 


0.68 


115 


60 


1.92 


C . Ex . 7 


NY 


56 


3 


28 


190 


80 


251 


0.71 


113 


60 


1.88 


C . Ex . 8 


PET 


56 


3 


28 


190 


80 


253 


0.70 


112 


60 


1.87 


C . Ex . 9 


PET 


56 


2 


28 


170 


90 


130 


0. 64 


94 


60 


1.56 
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Table 1 Yarns Forming Knitted Fabrics, Properties of 
Knitted Fabrics, and Evaluation of Performances 
(Continued) 





Feeling 


Curl mani- 
festation 




Difference 
of 

Yellowing 
va ue 


Formabxlity 


Giggxng tendency 


Thickness 


Uniformity 


Ex 1 


_ 





^1 


O 


- 


- 


Ex ' 2 










O 


- 


- 


Ex.3 


4 


4 


0.6 


o 


- 


- 


Ex.4 


5 


5 


0 . 6 


o 


_ 




Ex.5 


5 


5 


0.6 


o 




_ 


Ex. 6 


5 


5 


0.6 


o 


_ 


_ 


Ex.7 


5 


4 


0.6 


o 






Ex. 8 


5 


5 


0.6 


o 






Ex. 9 


5 


5 


0.6 


o 


0.78 


O 


Ex.10 




5 


0.6 




0.83 




Ex. 11 


4 


5 


0.6 


o 






C.Ex.l 


3 


1 


0.6 


o 






C.Ex.2 




2 


0.6 


X 






C.Ex.3 


3 


1 


0.6 


o 






C.Ex.4 


4 


2 


0.6 


X 






C.Ex.5 


3 


1 


10.4 


X 


0.77 


X 


C.Ex.6 


1 


4 


0.6 


o 


0.70 


X 


C . Ex . 7 


3 




10.4 




0.80 




C.Ex.8 


1 


4 


0.6 


o 


0.75 


X 


C.Ex. 9 


3 


1 


0.6 


X 


0.70 


X 



5 Industrial Applicability 

The two-way warp knitted fabric of the present 
invention does not yellow, gives a soft feeling and a 
unique surface touch that cannot be obtained from a 
knitted fabric in which a nylon yarn is used, and is a 

0 warp knitted fabric prevented from forming curls. The 

knitted fabric is therefore excellent in handling such as 
sewing, and is a stretchable warp knitted fabric most 
suitable for sports and clothing applications such as 
underwear and swimwear. 
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CLAIMS 

1. A two-way warp knitted fabric which is formed 
by plaited knitting a polytrimethylene terephthalate yarn 
in the front and an elastic yarn in the back and which 

5 has a knitted fabric density ratio from 1.55 to 2.35 
calculated from the following formula: 

knitted fabric density ratio = [(number of 
courses ) /2 . 54 cm] /[(number of wales )/2. 54 cm] 

2. The two-way warp knitted fabric according to 
10 claim 1, wherein the elastic yarn in the back forms a 

knit loop. 

3. The two-way warp knitted fabric according to 
claim 1, wherein the warp knitted texture is a half 
tricot stitch. 



ABSTRACT 



A two-way warp knitted fabric which is a knitted 
fabric having a warp knitted fabric construction formed 
by knitting a polytrimethylene terephthalate yarn in the 
front and an elastic yarn in the back and which has a 
knitted fabric density ratio from 1.55 to 2.35 calculated 
by the following formula: 

knitted fabric density ratio = [(number of 
courses )/2. 54 cm] /[(number of wales) /2. 54 cm] (1) 

The knitted fabric is a stretchable knitted fabric 
material for clothing in which curl formation is 
suppressed, which gives a soft feeling, and which does 
not yellow. 
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Japanese Language Declaration 



fi.il. X-SeaS 3 5 m 1 1 9 * (a) - (d) 3 6 5 & 

(b) THE©. X mELKamO'JrtsK t t— *H«r|g 

i£LTi»5Wff1ift734fe*tj 3 6 5 (a) < HRSffiJSS. X 

Til, teCiS:-?— ?f f LT^Jt, ■ 



Japan 



Prior Foreign Application(s) 

10- 325338(Pat.Appln. ) 

(Number) (Country) 

11 - 078937 (Pat. Appln .) Japan 

(Number) (Country) 
(#^-) (Sl£) 

ftii. f 3 5S*IS«1 1 9*(e)*|cSHTTffi»* 
B»iffflJIB«SKffitt$iT,fcfifiJ£ - I iz±m^Tz L Si". 



I hereby claim foreign priority under Title 35. United States Code, 
Section 119 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

1 6 /November/ 1 998 

(Day/Month/Year Filed) " 
fffiJBKM 0) 
24/March/l 999 



(Day/Month/Year Filed) 



I hereby claim the benefit under Title 35. United States Code, 
Section 119(e) of any United States provisional application^) listed 
below. 



(Application No.) 



(Filing Date) 
(itiJSS) 



tSfc*tt3 6 5 Sfe(c)JC«-f <1*5piJSrc-K^»L*i-. * 

*thm<n&ffi$:mffi<Df*i®fr%:mm$l:%3 5JS1 1 2 3? 

■!gEa^Fi^^:#I^»»»^^#fi^^:BBi-5aK«^flr*K:o^^TBB 



(Application No.) 
(HUBS*) 



(Application No.) 
(WHS*) 



(Filing Date) 
(HJ«H) 



(Filing Date) 
(ttfJBSB) 



fill. liSlrw*n«JcaE-fv\T*i:*«ipT*aiirT*^* 

1 818*1 OOlAKia-f*. H&$fcttft8. tL<IU 

ffi«Lfc. Xii«l=fP*£*tfc*#tf 
»fi"S»tttf **3ix & c i * sag l . iot:; ic_hE<& r i 



(Application No.) 

(tas#-^) 



(Filing Date) 
(tfiHH) 



I hereby claim the benefit under Title 35, United States Code. 
Section 120 of any United States application(s), or 365(c) of any 
PCT International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112. I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 



(Status:, Patented, Pending. Abandoned) 



(Status: Patented, Pending, Abandoned) 

mm. - wot^r. tmm 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
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Japanese Language Declaration 



€ UMBOS*:) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (list agent's name(s) 
and registration number(s)) 



f 



FINNEGAN, HENDERSON, FARABOW, GARRETT & DUNNER, Reg. No. 22,540, D ouglas B. Henderson, Reg. No. 20,291; Ford F. Farabow, Jr., Reg. No. 
gn,fi3n; Arthur s. Garrett, Reg. N o. 20,338; D onald R. Dunner, Reg. No. . 19,073;„BrLa n G. Brunsvold, Reg. No. 22,593; T ipton D. Jennings, IV, Reg. No. 
20,645; Je rry D. Voight, Reg. No . 23.02Q;_L aurence R. Hefter, Reg. No. 20,827; Kenneth E. Payne, Reg. N o. 23,098; He rbert H. Mintz, Reg. No . 26,6 91^ C. 
Larry O'Rourke, Reg. N o. 26,014; A lbert J. Santorelli, Reg. No. 22,610; 'Mich ael c. Eimer, Reg. N o. 25.857: Ric hard H. Smith, Reg. N o^20.609: St ephen L 
Peterson, Reg. No. 26.325: Jo hn M. Romary, Reg. No. 26,331; Bruce C. Zotter, Reg. No. 27.680; D ennis P. O'Reilley, Reg. N o. 27.932; Ajlen M. Shkal, Reg. 
Nqj2 6.695; Ro bert D. Bajefsky, Reg. No. 25,3 87; Richard L Stroup, Reg. N o. 28,478; D avid W. Hill, Reg. N o. 28,220; Thomas L Irving, Reg. N o. 28,61 9; 
~ " ~ " ""*' '~ " " J. Lewris, Reg. Nc^gjLaiB.; Martin I. Fuchs, Reg. " "" " ~"~ 



it v. fcu,ugj, ny ucu u. Dajciony, r w , , , , . . . _ , . 

Charles E. Lipsey, Reg. No^28JJ5jJj5omas WTWihland, Reg. N o. 27.msj _ Basil J, _ . . „ = . 

Yoches, Reg. No. 30,120; B arry W. Graham, Reg. No . 29.924: S usan Haberman Griffen, Reg. No ^ 30,907; R ichard B. Racine, Reg. N o. 30.415: Th omas H. 
Jenkins, Reg. No.' 30,857; Ro bert E. Converse, Jr., Reg. No. _27,432; C lair X. Mullen, Jr., Reg. No~JT " ' " ~ " 



5, Reg. No. 28,508: E . Robert - 



stopher P. Foley, Reg. No. 31,3 



Paul, Reg. N o. 30.413; _Boqer D. Taylor, Reg. No. _28,992; Da vid M. KeityT Reg. N o. 30.953: Ke nneth J. Meyers, Reg. N c^ 25,146; Ca rol P. Einaudi,'Reg. No. 
32,220; Wa lter Y. Boyd, Jr., Reg. N o. 31,738; S teven M. Anzalone, Reg. No. 32.095: Jea n B. Fordis, Reg. No. 32.984: B arbara C'fvlcCurdy- Reg. No^32J20j_ 
James K. Hammond, Reg. N o. 31.9B4: m cnard" V. Burgujian, Reg. No . 31.744; J . Michael Jakes, Reg. No . 32.824; Thomas W. Banks, Reg. No. 32,719; M. 
Paul Barker, Reg. N o^ 32,013; B ryan C. Diner, Reg. No. 32,409; C hristopher P. Isaac, Reg. No. 32,616; Andrew C. Sonu, Reg. No. 33,457; Dii*T37TfibTrras, 
Reg. No. 32,600 ~~ ~ 



Send Correspondence to: 



FI NNEGAN. HENDE R SON. FARABOW, GARRETT & DUNNER, L LP. 
1500 I STREET, N.W, 
WASHINGTON, PTcT 20005-33 15 



Direct Telephone Calls to: (name and telephone number) 



ARTHUR S. GARRETT 
202-408-4091 





Full name of sole or first inventor 

Yuji Yoshida 






Inventor's signature Date 

YuM YoSfTnk May 1 , 2001 


J&i 


Residence Q» . 

Gamo-gun, Shiga, Japan )\ 




Citizenship 

Japanese 




Post Office Address 

205-51 , Nishiyokozeki, Ryuo-cho, 




Gamo-gun, Shiga 520-2571 , Japan 




S^w^lsi^afl^cDftS mmtz&iz) 


Full name of second joint inventor, if any 

Tokio Onoda 






Second inventor's signature Date 

TdKi'ft OkocIcl May 1 , 2001 , 




Residence , , — f~~)\ - ^ 

Ibaraki-shi, Osaka, Japan ] \A 


an 


Citizenship ~ 

Japanese 




Post Office Address 

2-14, Osimi-cho, Ibaraki-shi, Osaka 




567-0813, Japan 



tzliZtilii&to&m&BJi-glztt UTfelHrtl&'rfSB (Supply similar information and signature for third and 
25 1>*5€ £ isk&'f Scfc,,) subsequent joint inventors.) 
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